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1 Introduction
In 2015 the Belle collaboration reported a detailed amplitude analysis of the B¯0 → D∗+ωpi−
decays based on the full BB¯ data sample at the Υ(4S) resonance [1]. Such a study al-
lows us to perform a test of factorization in B → D∗ωpi decays and extract a possible
correction to factorization as it was suggested in ref. [2]. The decay under consideration
arises predominantly due to the weak interaction with color-favored and color-suppressed
contributions shown in figure 1.
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Figure 1. (color online). (a) Color-suppressed and (b) color-favored tree diagrams for production
of D∗∗ and ωpi states in B¯0 → D∗+ωpi− decays, respectively.
The color-suppressed contribution was found to be of the order of 15% due to pro-
duction of D∗∗-states [1]. In this kinematic region factorization has been studied by ex-
amining the polarization of produced D∗∗ resonances. Observable significant transverse
polarizations together with heavy quark symmetry can imply nonfactorizable effects in the
color-suppressed channel. Moreover, direct observation of the B¯0 → D∗2(2460)0ω decay in
ref. [1] is an additional attribute of nonfactorizable corrections in this channel.
However, the decay B¯0 → D∗+ωpi− proceeds predominantly through a color-favored
mechanism with production of two vector resonances, off-shell ρ(770) and ρ(1450) [1]. Their
combined decay fraction dominates in the total branching fraction. In this case a test of
factorization can be performed in two ways.
The first utilizes the fraction of the longitudinal polarization PD∗ of the D∗ which
should be the same as in the related semileptonic decay B¯0 → D∗+l−νl at squared four-
momentum transfer equal to the mass squared of the intermediate ρ-like resonance [3].
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Such a test has been performed in the CLEO [4] and BaBar [5] analyses and confirmed the
factorization validity within their experimental accuracy. In the Belle amplitude analysis [1]
the longitudinal polarization PD∗ is fixed in part from the factorization prediction. The
relative normalizations of the helicity amplitudes are fixed at values measured in B¯0 →
D∗+l−νl [6]. Free mass and width of the ρ(1450) can slightly affect the PD∗ value but it
agrees well with the factorization prediction. However, such a test is based on the resonant
decomposition approach which is not optimal, in particular for the broad states like ρ-like
mesons.
In the alternative test a form factor of ωpi production in the hadronic B¯0 → D∗+ωpi−
decay is studied. In the factorization approximation this form factor should be the same as
in τ → ωpiντ decays. Assuming the vector current to be the same in electromagnetic and
weak decays (conservation of vector current or CVC), similar correspondence should also
exist for the e+e− → ωpi0 process. In such a case, the isovector part of the electromagnetic
current Jelµ matches the weak charged current:
< ρ0|Jelµ |0 >=
1√
2
< ρ−|u¯γµd|0 > . (1.1)
Such a test uses the distribution of the invariant mass squared, M2(ωpi), and allows us
to test factorization over the whole accessible kinematic range. Transition form factors
F τωpi(q
2) in τ → ωpiντ decays and F e+e−ωpi (q2) in e+e− → ωpi0 processes can be measured
directly from the differential width and the Born cross section. The transition form factor
FBωpi(q
2) can be evaluated from the amplitude analysis of the B¯0 → D∗+ωpi− decays.
The signal matrix elementMsig for a color-favored channel determines the ωpi transition
form factor FBωpi(q
2) as a function of q2 = M2(ωpi):
Msig =
GF√
2
VcbV
∗
uda1(mb)F
B
ωpi(q
2)µναβJ (B→D
∗)
µ v
∗
νqαpβ. (1.2)
Here, J
(B→D∗)
µ describes a transition current of B → D∗ which can be extracted from
B → D∗lνl data, vµ is a four-vector of the ω meson polarization, qµ is a four-momentum
of the ωpi pair and pµ is a four-momentum of the ω. The effective coefficient a1 used in
eq. (1.2) is determined from the Wilson coefficients c1(mb) and c2(mb) renormalized at the
scale of the b-quark mass mb:
a1(mb) = c1(mb) +
c2(mb)
3
+ nonfactorizable corrections, (1.3)
where nonfactorizable corrections originate from color-singlet q¯γµ(1−γ5)Q and color-octet
q¯λaγµ(1− γ5)Q currents. Such corrections can be evaluated in the large Nc limit in QCD
and are not expected to increase with M(ωpi). The opposite situation should be observed
if factorization is mostly due to perturbative QCD [2].
The factorization test could be applied above the ωpi threshold. The form factor shape
in the low-energy region is evaluated by extrapolation from the ωpi production region and
direct measurements in the ω conversion decay region. More precise data in the conversion
region were obtained by the NA60 collaboration [7] from a study of the ω → µ+µ−pi0 decay.
The NA60 data lie strongly above the prediction of the vector meson dominance (VMD)
model which quite well describes the form factor in the production region.
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2 Analysis of the Fωpi(q
2) form factor
The form factor FBωpi(q
2) of ωpi production in B → D∗ωpi decays can be defined as
FBωpi(q
2) = g˜fωpi(q
2), (2.1)
where g˜ is a coupling constant calculated from the combined fraction fρ+ρ′ of the ρ and ρ
′
in the total branching fraction B → D∗ωpi and
fωpi(q
2) =
√
q2
(
Fρ(q
2)
Dρ(q2)
+Aρ′e
iφρ′
Fρ′(q
2)
Dρ′(q2)
)
. (2.2)
In eq. (2.2), Fρ(q
2) (Fρ′(q
2)) is the ρ(770) (ρ(1450)) form factor in the decay to the ωpi
final state and Dρ(q
2) (Dρ′(q
2)) is the Breit-Wigner denominator describing the ρ(770)
(ρ(1450)) shape. The form factors Fρ(q
2) and Fρ′(q
2) describe the fωpi(q
2) behavior due
to the final size of the mesons. Since the exact shape of such a behavior is unknown, the
simple Blatt-Weisskopf parameterization is used:
Fρ(q
2) =
1
1 + (rpω)2
, Fρ′(q
2) =
√
1 + (rp0,ω)2
1 + (rpω)2
, (2.3)
where r = 1.6 GeV−1 is a typical hadronic scale, p0,ω (pω) is the magnitude of the ω
three-momentum in the ωpi rest frame, when M2(ωpi) = m2ρ(ρ′) (M
2(ωpi) = q2). Here we
can neglect the finite width of the ω in the form factor Fρ(q
2) because it gives a small
correction even near the ωpi threshold. The functions Dρ(ρ′)(q
2) are given by
Dρ(ρ′)(q
2) = q2 −m2ρ(ρ′) + i
√
q2Γρ(ρ′)(q
2), (2.4)
where Γρ(q
2) and Γρ′(q
2) are the q2-dependent widths of the ρ(770) and ρ(1450) resonances.
The width Γρ(q
2) (Γρ′(q
2)) is defined in ref. [1] (eqs. (B5) and (B6)) with the additional
factor of mρ/
√
q2 (mρ′/
√
q2) arising from the different definitions of Dρ(ρ′)(q
2) in eq. (2.4)
and in ref. [1] (eq. (B3)). In eq. (2.2), parameterization of the fωpi(q
2) form factor is
different from the VMD model by invariant mass
√
q2 instead of resonance masses mρ and
mρ′ . Description of the B-data by the VMD model leads to the worse likelihood value
lying about 3σ away from the likelihood value derived with using eq. (2.2).
To obtain the form factor defined in eq. (2.1), a coupling constant g˜ should be deter-
mined but it could be extracted only combined with the coefficient a1. A product of a1g˜
is determined by the color-favored branching fraction:
a1g˜ =
8pi
√
3pimB
GFF(1)|Vcb||Vud|
√
fρ+ρ′Γ(B → D∗ωpi)
J
, (2.5)
where
J =
∫
p3ωpD∗
√
q2|fωpi(q2)|2(|fS(q2)|2 + |fP (q2)|2 + |fD(q2)|2)dq2. (2.6)
In eq. (2.6), fS(q
2), fP (q
2) and fD(q
2) are the partial wave form factors describing a tran-
sition B → D∗. In the frame of heavy quark effective theory they can be related to the
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Isgur-Wise function with a parameter ρ2, relative factors R1 and R2 and normalization
factor F(1). The linear approximation of the Isgur-Wise function is used in ref. [1] with
parameters ρ2, R1 and R2 measured in ref. [6]. This very simple parameterization was
sufficient for amplitude analysis in ref. [1]. However, at the moment we have to know
the product F(1) × |Vcb| which has been measured with the best accuracy by the Belle
collaboration [8] in the Caprini-Lellouch-Neubert (CLN) parameterization [9]. For consis-
tency, we refit the B¯0 → D∗+ωpi− data [1] with the CLN function where parameters ρ2,
R1 and R2 are fixed at their values from ref. [8]. This fit results in a relative ρ
′-strength
Aρ′ = 0.19±0.05, relative ρ′-phase φρ′ = 2.52±0.11 rad, ρ′-mass mρ′ = 1540±22 MeV and
ρ′-width Γρ′ = 304±49 MeV, where only statistical error is shown. Finally, using the prod-
uct F(1)× |Vcb| fixed at the value (35.06± 0.58)× 10−3 [8], |Vud| = 0.9742± 0.0002 [10] as
well as the product fρ+ρ′×B(B → D∗ωpi) = (1.90±0.17)×10−3 [1] and ΓB = 4.326×10−13
GeV [10], we obtain a1g˜ = 2.66± 0.28.
If factorization works, the effective coefficient a1 is given by eq. (1.3) without any
nonfactorizable corrections. It is renormalized at the scale of µ = mb and at next-to-
leading order, a1(mb) = 1.02 [11]. The uncertainty of this value is related to the scale
where Wilson coefficients are evaluated. Taking into account the values of a1 calculated at
the scales µ = 2mb and µ = mb/2 (see [11]), we obtain a1 = 1.02 ± 0.02. In other words,
g˜ = 2.61 ± 0.28. The coupling g˜ is the product of the ρ-meson weak decay constant fρ
and gρωpi coupling for the ρ→ ωpi transition. The gρωpi value depends on parameterization
of the Fρ(q
2) form factor in eq. (2.3) and should be determined from g˜ and fρ. We can
estimate fρ experimentally from the decay width of ρ → e+e− using the CVC relation in
eq. (1.1)
fρ =
√
3mρΓ(ρ→ e+e−)
2piα2
. (2.7)
It gives fρ = (0.220± 0.001) GeV. Finally, we obtain gρωpi = (11.9± 1.3) GeV−1.
Now, when the form factor FBωpi(q
2) is fully extracted from the B data, it can be
compared to τ and e+e− data in the frame of factorization. An additional factor
√
2 must
be used to convert from the electromagnetic form factor to the weak one using the CVC
relation in eq. (1.1).
Figure 2 demonstrates experimental data of a1|Fωpi(q2)| as a function of q2 measured
in τ lepton decays to ωpiντ by the CLEO collaboration (grey circles) [12] and e
+e− →
ωpi0 processes with the subsequent decay of the ω to pi+pi−pi0 or pi0γ. The data from
e+e− collisions were obtained either in direct e+e− annihilation by the CMD-2 (black
triangles) [13], CMD-3 (red circles) [14] as well as SND (blue triangles [15] and magenta
circles [16]) collaborations or using initial-state radiation (ISR) by the BaBar collaboration
(cyan squares) [17]. The NA60 data (open squares) [7] in the conversion ω → pi0µ+µ−
decays are also shown at low q2 values. In figure 2, the green dotted line shows the product
a1|FBωpi(q2)| obtained above from the B decay data. The dashed area corresponds to ±1σ
deviation from the line taking into account the statistical covariance matrix of parameters.
The solid black line shows the fit result to the SND data ([16]) by the VMD model. The
VMD model cannot simultaneously describe the e+e− and ω conversion data.
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Figure 2. (color online). The ωpi production form factor weighted by the value of a1 with a1 =
1.02±0.02 [11] and shown in a log scale. The points with error bars show e+e− data by the SND in
ref. [16] (magenta circles, SND2016) and ref. [15] (blue triangles, SND2000), CMD-3 in ref. [14] (red
circles), CMD-2 in ref. [13] (black triangles) and BaBar collaborations in ref. [17] (cyan squares)
as well as ω conversion data by the NA60 in ref. [7] (open squares) and τ lepton data by the
CLEO collaborations in ref. [12] (grey circles). The black solid line is the combined fit result to the
SND2000 and SND2016 data taken from ref. [16]. The green dotted line corresponds to the function
a1/
√
2|FBωpi(q2)|. The green dashed area represents the 68% confidence level contour of statistical
uncertainties of the model parameters in eq. (2.1). The zoomed-in plot in the low q2 region is also
shown.
The uncertainties in the parameterization of the form factor in eq. (2.1) give the model
error which is not shown in figure 2. The reason is that the statistical uncertainties are
still large.
The ωpi form factor extracted from the Belle data set in ref. [1] agrees well in shape
with predictions obtained from τ and e+e− data in the region q2 < 4 GeV2 but has a lower
normalization. However, the difference between normalizations is not significant and both
values are consistent with each other within the Belle form factor accuracy. More B data
are needed to make a detailed comparison.
In the region above q2 = 4 GeV2 the e+e− ISR data collected by the BaBar collabo-
ration [17] are available in the e+e− sector. The clear bump is seen in the region between
q2 = 4 GeV2 and q2 = 5 GeV2. This bump can be also seen in the Belle data. Figure 3
shows the overall q2 = M2(ωpi) distribution for the B → D∗ωpi decays. The region of
interest 4 GeV2 < q2 < 5 GeV2 is specially contoured. A similar structure is seen here but
– 5 –
Figure 3. (color online). The distribution of q2 for B → D∗ωpi events measured by the Belle
collaboration and taken from ref. [1]. Points with error bars show experimental data, histograms
in color represent several resonant contributions and black histogram describes the signal fit. The
region 4 GeV2 < q2 < 5 GeV2 is specially contoured.
it is not statistically significant. The black histogram describes the data using the signal
model in ref. [1]. The signal model is not sensitive to the bump and has a smooth shape
here. Note that the bump between q2 = 4 GeV2 and 5 GeV2 is most probably due to the
ρ(2150), a broad structure around 2.15− 2.2 GeV observed in different final states [10]. It
is the reason of different shapes of the ωpi form factor extracted in e+e− and B decay data
shown in figure 2. To understand a sensitivity of the B data to the bump clearly observed
in e+e− ISR data, a data set with large B decay statistics is needed. It is a case of the
Belle II and LHCb experiments.
3 Discussion and conclusion
We study corrections to the factorization approximation in the B → D∗ωpi decay examin-
ing the ωpi production form factor extracted from the Belle data [1]. Comparison of this
form factor with the predicted shape based on factorization and using e+e− collision and τ
decay data leads to the possibility of observing the corrections violating factorization. The
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q2-dependent corrections of factorization originate from perturbative QCD. The relative
deviation of the form factor shapes in B decays and e+e− collisions or τ decays generated
by the perturbative QCD corrections must increase with q2. In other cases, if factorization
is valid predominantly due to the large Nc limit in QCD, q
2 dependence of the factoriza-
tion corrections is absent. This sort of corrections is seen due to the difference between
normalizations of two form factor shapes from e+e− and B data.
Figure 2 shows a product a1|Fωpi(q2)| of the ωpi production form factor and efficient
constant a1 obtained from the B data and predicted from factorization using the τ and
e+e− data. The large uncertainties appearing when the ωpi form factor is obtained from the
B data do not allow us to observe corrections to factorization in a statistically significant
manner. The uncertainty in the range below q2 = 1.2 GeV (around 10%) is mainly due
to the knowledge of the a1g˜ product whereas parameters of the ρ
′ resonance contribute
to the uncertainty at higher q2 values (around 15%). For a precision study of corrections
to factorization in the B¯0 → D∗+ωpi− decay it is necessary to perform a high-statistics
analysis with a data set available at LHCb and, in future, Belle II detectors.
From available data we can estimate the efficient constant a1 and compare it with a
value evaluated in the frame of factorization. A fit to the SND data [15] by the function in
eq. (2.1) gives g˜ = 3.05± 0.02. Taking into account that a1g˜ = 2.66± 0.28, we obtain a1 =
0.87±0.09. This value is less than a1(mb) = 1.02±0.02 obtained when the nonfactorizable
corrections are neglected but they are consistent with each other within the statistical
accuracy.
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